The reaction of different tetrazoles protected with a pivaloyl group, with an excess of lithium and a catalytic amount of naphthalene (8 mol%) led, after treatment with methanol, to the corresponding free tetrazoles through a reductive carbon-nitrogen bond cleavage. This methodology represents a reasonable alternative to other non-reductive protocols.
The pivaloyl group has been widely used in organic synthesis to protect alcohols, amines and thiols, due to its easy introduction, its stability under a variety of reaction conditions and its relatively easy removal to give the corresponding depivalated compounds. 1 Among the different methodologies reported to achieve the deacylation of protected alcohols and amines, we can find hydrolysis under basic or acidic conditions, 2 reduction with alkali metals in liquid ammonia, 3 reductive cleavage using an arene-catalysed lithiation, 4 reaction with hydride sources, 5 electrolysis, 6 and enzymatic methods. 7 On the other hand, the tetrazole moiety is present in several biologically active compounds, such as sartans, which are pharmaceuticals that have proved to be efficient for the treatment of hypertension, kidney damage caused by diabetes and heart failure. Usually, the synthesis of sartans involves steps of protection and deprotection of the tetrazole ring. 8 The effective protection caused by the high steric demand of the pivaloyl group, together with the ease of its introduction into and its removal from the nitrogen atom, are features that could make the pivaloyl group to become a very useful tool for the preparation of such an interesting family of drugs. Thus, the development of procedures that could remove the pivaloyl protecting group without affecting the tetrazole ring would be very interesting. 8 In the last years our research group has been using an arene-catalysed lithiation to perform metallations under very mild reaction conditions. [9] [10] [11] [12] This lithiation methodology has been applied to the reductive cleavage of trityl ethers 13 and amines, 14 for the desilylation of silylated alcohols, amines and thiols, 15 for the cleavage of carbonates, carbamates and thiocarbonates, 16 and for the deacylation of esters, thioesters and amides. 17 In this paper we wish to report the use of a naphthalenecatalysed lithiation to perform the removal of the pivaloyl protecting group from tetrazoles under very mild conditions.
The reaction of different N-pivaloyl tetrazoles 1a-1f with an excess of lithium powder (1:9 molar ratio) and a catalytic amount of naphthalene (1:0.16 molar ratio) in THF at 0 ºC for 3 h led, after quenching with methanol, to the corresponding free tetrazoles 2a-2f (Table 1, The deprotected tetrazoles were isolated generally in good yields (Equation 1 and Table 1 ). In general, moderate to good yields were obtained in the deprotection of N-pivaloyl tetrazoles bearing aromatic (Table 1 , entries 1 and 2), aliphatic (Table 1, entries 3 and 5) or benzylic (Table 1, entry 6) R groups. Interestingly, a substituent functionalyzed with a carbonyl group, which could undergo reduction under these reaction conditions, was not altered and the depivalated product was obtained in 62% yield (Table 1, entry 4). All the lithiation processes were complete in a reaction time of 3 h.
The starting tetrazoles were prepared by reaction of sodium azide with the corresponding nitriles in the presence of an amine. The isolated tetrazoles were then pivalated on the N1 by reaction with pivaloyl chloride, giving the expected protected tetrazoles 1 in good yields
In conclusion, we have reported in this paper an efficient method to remove the pivaloyl protecting group from different tetrazoles bearing aliphatic, aromatic or benzylic substituents on the carbon atom of the ring, under very mild reaction conditions. This procedure is a reasonable alternative to other methodologies, especially those involving hydrolysis, which usually require harsh reaction conditions. FT-IR spectra were obtained on a Nicolet Impact 400D spectrophotometer using KBr plates (for solid compounds). NMR spectra were recorded on a Bruker spectrometer (400 MHz for 1 H and 100 MHz for 13 C) using CDCl 3 , DMSO-d 6 , MeOD-d 4 as solvents and TMS (0.00 . Lithium powder was prepared according to the procedure described in reference. 18 Commercially available n-butyllithium was titrated with a 1M solution of sec-butanol in xylene using 1,10-phenanthroline as indicator. 19 Commercially available anhydrous THF (99.9%, water content ≤ 0.006%, Acros) was used as solvent in all the lithiation reactions. All reagents used for the synthesis of substrates 1 and naphthalene were commercially available (Acros, Aldrich) and were used without further purification. All glassware was dried in an oven at 100ºC and cooled to room temperature under argon before use.
Reductive Removal of the Pivaloyl Protecting Group from Tetrazoles by a Naphthalene-Catalysed Lithiation Process

Synthesis of tetrazoles. General Procedure 20
The mixture of a nitrile (50 mmol), NaN 3 (65 mmol) and an amine salt Et 3 N·HCl (150 mmol) in toluene (100 mL) was heated to 110°C with stirring for 24 h for nitriles with aromatic R groups (2a and 2f) and for 17 and 30 h, respectively, in the case of nitriles bearing aliphatic groups (2c and 2d). After cooling to room temperature, the mixture was extracted with water (100 mL). 36% HCl was added dropwise to the aqueous layer till pH was acidic. After filtration, the solid was dried under reduced pressure, yielding the expected tetrazoles 2. The corresponding physical and spectroscopic data for all tetrazoles 2 follow. 21 21 
5-phenyl-1H-tetrazole (2a)
5-(4'-methyl-[1,1'-biphenyl]-2-yl)-1H-tetrazole (2b)
5-(tert-butyl)-1H-tetrazole (2c)
3,3-dimethyl-1-(1H-tetrazol-5-yl)butan-2-one (2d)
5-benzhydryl-1H-tetrazole (2f)
Synthesis of the Protected Tetrazoles 1. General Procedure
n-BuLi (4 mL of a 2.5 M solution in hexane, 10.0 mmol) was dropwise added to a stirred solution of the corresponding tetrazole (10.0 mmol) in anhydrous THF (10 mL) under Ar at 0 ºC. 10 Minutes after the addition had been completed, pivaloyl chloride (1.23 mL, 10.0 mmol) was added during ca. 5 min. After stirring at room temperature overnight, the reaction was quenched with H 2 O (5 mL) and extracted with EtOAc (3 × 15 mL) and the combined organic phases were washed with brine (5 mL) and dried (Na 2 SO 4 ). After filtration and evaporation of the solvents, the resulting residue was purified by recrystallisation (hexane-EtOAc) affording the expected Npivaloyltetrazoles 1 in pure form. Their corresponding physical, spectroscopic and analytical data follow. -1-(5-phenyl-1H-tetrazol-1-yl) 2,2-dimethyl-1-[5-(4'-methyl-1,1'-biphenyl-2-yl) 
2,2-dimethyl
Naphthalene-Catalysed Lithiation of Compounds 1. Preparation of Products 2. General Procedure
A solution of the protected tetrazoles 1 (0.5 mmol) in THF (2 mL) was dropwise added to a green suspension of lithium powder (70 mg, 10 mmol) and naphthalene (26 mg, 0.2 mmol) in THF (5 mL), under Ar, at 0 ºC. After stirring at the same temperature for the time indicated in Table 1 , methanol (5 mL) was carefully added, the cooling bath was removed and the reaction was stirred till it reached room temperature. The free tetrazoles 2 were obtained in pure form after extraction with EtOAc, in the yields indicated in Table 1 . The obtained tetrazoles 2 were characterised by comparison of their physical and spectroscopic data with the ones of the tetrazoles that we had previously synthesized. 
